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(54) Titte: PROCESS FOR THE SYNTHESIS OF AZETIDINONES 




(57) Abstract 

This invention provides a process for preparing the hypocholestetolemic compound (I) comprising: (a) rating p-fiuorobenzoylbutyric 
acid widi pivaloyl chloride and acylating the product with a diiral auxiliary to obtam a ketone of formula (IV); (b) redudng the ketone 
of formula (TV) in the presence of a chiral catalyst to an alcohol; (c) reacting the chiral alcohol of stq> (b), an imine and a silyl 
protecting agent, then condensing the protected compounds to obtain a ^-<substituted-Hamino)amide of formula (VII); (d) cyclizing the 
^-(substituted-amino)amide of formula (VII) with a silylating agent and a fluoride ion catalyst to obtain a proteeied lactam of formula 
(Vni); and removing the protecting groups. The intermediates of formulas (VII and vm) are also claimed. 
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,,,iin I „-| rnrTiir n YMT""'^"'' ^^ftioinone? 

^""^invention relates to an enantioselective process for producing 
^.ro^C— te.a.eM,nones^^^^^^^^^^ 

us 5.767.1 15. corresDonding azetidinone without the 

Processes for prepanng the corresponaing 

I .-.^^ in 1 728 827 and US o.ooi • 

Other processes for prepanng i t.u h , are disclosed 

fluorophenyl)-propyl)H(SH4.hydroxyphenylV2.azet.d.non 

in US 5,631.365 and US 5.739.321. 

^^^^^^^'^^^^^ an improved simple, high-yielding process 

.ingnrr:::rrr^^^^^^^^^^^ 



having the fbnnula I ^^oh 




25 



"""'iTmacang p-fluorobenzoylbut^c acid of Ibrmulal. with pi,«J^ 
chioddi S^ng the product ^ a chira. auxHiary of fom^ia ... to 
obtainalcetoneoffomiulalV: ^ 



4 ■ „ 
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wherein X is -0-, -S- or -N(Ci-C6 alkyi); Y is =0 or =S; and is Ci-Ce 
alkyl. phenyl, naphthyl. substituted phenyl, substituted naphthyl, Ci-Ce 
alkoxycarbonyl or benzyl, wherein the substituents on phenyl and naphthyl 
are 1-3 substituents selected from the group consisting of Ci-Ce alkyl, 
phenyl and benzyl; 

(b) reducing the ketone of formula IV in the presence of a chlral 
catalyst to an alcohol of formula V: 



IV 




(c) reacting the chiral alcohol of formula V, an imine of formula VI 
10 and a silyl protecting agent, then condensing the silyUprotected 

compounds to obtain a p-(substituted-amino)amide of formula VII, wherein 
Prot is a silyl protecting group: 



VI 




O(Prot) 



(d) cyclizing the p-(substituted-amino)amide of formula VII with 
15 (i) a silylating agent and a fluoride ion catalyst cyclizing agent; 

(ii) a silylating agent and a quaternary ammonium salt of a chlral auxiliary 
of fomnula III; or 

(Hi) a strong non-nucleophlic base; 
to obtain the compound of fonmula VIII: 

O(Prot) fy''^"'''^ 




20 ; and 

(e) removing the silyl protecting groups. 

Also claimed are the process comprising steps (c), (d) and (e); the 
process of steps (d) and (e); the process of step (c); and the process of 
step (d), particularly the cyclization described in step (d)(i). 
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,n still another aspect, the Intermediates of formula VII and Vlll are 

^''"Ihe process described above Is directed to the P-P-^^^^^^^^ 1- 
(4-fluorophenyl)-3(RH3(S)-hydroxy-3-(4-fluorophenyl)propylM^^^^^^^ 

hvXphenylV2.azetid-.^^^^ enantiomer. but it will be recognized that by 
sStlon Of L appropriate starting materials, other enanUomers car. be 

prepared. 



,0 ?^!SSnventionisahighthroughputprocesswhichprovldes 
Hes^ed azetldinone in high overall yield in a short time cycle (..e.. about 

""^PreLed reaction conditions are shown in the following scheme: 



step IbY 



15 




St§Bib}: 



IV 

St§EiS)- 



1. TEA 

CI 2. % F 
HN 9 




IV 



III 



DWIAP. CH2CI2 



BH3.SMe2/CH2Cl2 




r\ P + A DIPEA r 

d 




CH2CI2 




0(Prot) 



^uur> nnu940A1 I > 




5 In the reaction scheme, TEA is triethylamine, DMAP is 4-dimethyl- 

amino pyridine, DIPEA is diisopropylethylamine, BSA is bistrimethylsilyl 
acetamide. TBAF is tetra n-butyl-ammonium fluoride, t-BuOMe is t-butyl 
methyl ether and Prot is a s\\^ protecting group as defined below. 

Starting materials of fomnulas 11 and 111 are known In the art. and the 
1 0 procedure of step (a) for reacting compounds of formula II and Hi is known 
in the art: Preferably, the chiral auxiliary of formula III is exemplified by the 
formula : 

Y 
U 

HN ,X 

9 

wherein Y is =0, X is -O- and R1 is phenyl, benzyl or Ci-Ce alkyl. A 



o 



preferred chiral auxiliary is 




1 5 See the example below for typical reaction conditions. f 

Similarly, the procedure of step (b) for reducing a ketone to a 
hydroxy group using a borane reducing agent such as BHa* S(CH3)2 in the 
pr^ence of a chfral catalyst such as (R)-tetrahydro-1-methyl-3.3-diphenyl- 
1 H.i3H-pyrrolo(1 .2-c){1 .3,2) oxaza-borolidine is known: see U.S. 

20 5,767,115. 
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in step (c). the chiral alcohol. V. and the Imine. VI. are protected with 
a suitable hydroxy-protecting group, preferably a sllyl protecting group such 
as that derived from chlorotrimethylsilane (TMSCI) or t-butyldimethyl-silyl 
chloride (TBDMSCI). The alcohol (1 equivalent) and imine (preferaby 1-3 
equivalents) are added to an anhydrous solvent such as CH2CI2. the 
reaction mixture is cooled to -10' to 15-C. a tertiary amine base such as 
DIPEA is added (preferably 2-4 equivalents), and sufficient silylating 
reagent to react with both the alcohol and the imine is added (e.g.. 2-4 
equivalents). After sllylation is complete, the alcohol and imine are 
condensed by reacting at -20- to -35-C with at least 1 equivalent of a Lew^ 
acid such as TiCU. in the presence of a tertiary amine base (preferably 1-3 
equivalents) such as DiPEA for 2-4 hours. The reaction is quenched, for 
example by treating with an acid such as glacial acetic acid followed by 
aqueous tartaric acid solution; the resultant product is extracted and 
15 crystallized using conventional procedures. 

Silylation in step (d) is effected by reacting the compound of fomiula 
VII with a silyl-enol ether silylating agent such as bistrimethylsilyl acetamide 
(BSA) N-methyl-O-trimethylsilyl acetamide or iso-propenyloxy 
trimethylsilane. preferably BSA. in a suitable inert organic solvent at -200.0 
20 to 1100c, preferably at about OoC to 250C. The reaction is preferably 
carried out in a dry. inert atmosphere, e.g.. the solvent is dried, typically 
with molecular sieves, and the reaction is carried out under nitrogen. 

The order of addition of the components of this process in Step (d) is 
not critical to the preparation of the azetidinone product. For example, the 
25 lHsubstituted-amino)amide can first be reacted with the silylating agent 
and tiien reacted with the cydizing agent, or the compound of fonnula Vll 
can be added to a mixture of the silylating agent and the cydizing agent. 
When the silylation and cydization are done sequentially, i.e.. the silylating 
agent Is reacted with tiie starting material first, the silylation reaction can be 
30 allowed to continue for up to about two hours, but preferably the cydization 
step is carried out immediately after silylation. or the silylating agent and 
the cydizing agent are added simultaneously. 

The source of the fluoride ion used to catalyze the Intrafnolecular 
cydization of the compound of formula Vll is typically a quaternary alkyl-. 
35 aryl-alkyi- or arylalkyl-alkytammonlum fluoride salt or a hydrate thereot or a 
mixture thereof, or is an alkali metal fluoride salt or a hydrate thereof, such 
as cesium fluoride or potassium fluoride. Examples of aiylalkyi- 
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alkylammonium groups are benzyltriethyl-ammonium and benzyltrlmethyl- 
ammonium; examples of arylalkyl-ammonium are phenyltriethyl- 
ammonium and phenyltrimethyl-ammonium; typical alkylammonium groups 
contain alkyi groups of 1-6 carbon atoms, e.g., tetra n-butyl-ammonium. 
5 When a hydrated quaternary ammonium fluoride salt is used, the reagent is 
added in a catalytic amount, i.e.. about 0.1 to about 20 mole percent, 
preferably about 0.5 to 5 mole percent, and when an anhydrous quaternary 
ammonium fluoride salt is used, it can be added in a catalytic up to a 
stoichiometric amount. When an alkali metal fluoride salt is used, it is 
1 0 added in catalytic amount up to a stoichiometric amount compared to the 
starting p-amino compound, depending on the solubility of the reagent in 
the solvent used (higher solubility requires less reagent). If added to the 
reaction mixture after the silylation agent, the fluoride reagent is added 
directly to the reaction mixture resulting from silylation, and is reacted at 
1 5 about QOC to 1 1 QOC. preferably about QOC to 50oC. for about 0.5 to about 6 
hours, preferably about 2 hours. When the silylation reagent and the 
fluoride reagent are added simultaneously, the reaction is conducted under 
similar conditions. A prefen-ed fluoride ion catalyst cydizing agent Is 
tetrabutylammonium fluoride trihydrate. 
20 Alternatively, the cydizatton of step (d) can be effected by the 

addition of a monovalent quatemary ammonium salt of the chiral auxiliary 
of fonnula III used in step (a), i.e., a compound of the formula 

r-r^x or HiAc 

t 

Wherein X. Yand Ri are as defined above and Z is a quatemary ammonium 
25 cation selected from the group consisting of arylalkyl-alkylammonium. aryl- 
alkylammonium and tetraalkylammonium. or a mixture thereof, and alkali 
metals. Examples of arylalkyl-alkylammonium are benzyltriethylammonium 
and benzyl-trimethylammonium; examples of aryl-alkylammonium are 
phenyltriethylammonium and phenyltrimethyl-ammonium: typifcal 
30 tetraalkylammonium groups contain alkyI groups of 1-6 carbon atoms, e.g., 
tetra n-butylammonium: and typical alkali metals are sodium, potassium, 
cesium and lithlurh. CWier chiral or nonibhiral auxiliaries can alSQ^^ be used 
to cydize the p-(substituted-amino)afhide of formula Vll . for exanlple 
compounds of the formulas 
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i ^ 

z^-n'^x or HN/X 

wherein X. Y. Z and Ri are as defLd above and R^is ^^^-^^^^ 
can also be used. The the p.(substituted-amino)amide of formula VII is 
iated w'h a sl.y.ating agent as described above, with the salt of the c^^.ra. 
5 (or non-chirai) auxiliary being added either simultaneously or sequentially 
!n a catalytic or stoichiometric amount compared to the p-amino compound 
under conditions similar to the reaction with fluoride ion. 

A third method for cyclizing the Hsubstltuted.am.no)amide of 

fom^ula VII comprises using a strong ---'-^^^^'"'^^^^''■^^^^ 
0 nucleophllic base is defined herein as a non-aqueous base which does not 
act as a nucleoplle by virtue of its steric bulk. e.g.. sodium 

bl^tLthylsil^Ldeor.;^^^^^ "?Ta:CH cfaT 

the the p-amino compound in an inert organic solvent such as CH^CI^ at a 

temperature of about -lOQoC to 10 oc. . • ^ ♦ 

t5 Removal of the protecting groups after cyclization is earned out 

using conventional methods, for example by treatment with a dilute acid 
such as sulfuric acid in a solvent such as an alcohol, e.g.. 

mtemiediates IV and VII can be isolated during the reaction process, 
or the reaction can proceed to formation of the compound of fomiula I 
20 before the product is isolated. kw 
The azetidinone resulting from the cyclization can be punfied by 
appropriate standard procedures such as crystallization or column 

-.nert organic solvenr as used above means any 
25 organic solvent or combination of solvents that is unreactive in the reacUon 
being conducted and is a solvent forthe reactants. Typical suitable 
solvente are halogenated compounds such as CH2CI2; heterocyclic 
compounds such as tetrahydrofuranCTHF); DMSO; <;''^-^»^V'^7;";;^^_ 
(DMF); acetonitrile; carbocyclic aromatics such as toluene; andt-BuOMe. 
30 Preferred are t-BuOMe, CH2CI2. toluene and THF. 

Those skilled in the artwill recognize that for cydizatiori of step (d) 
to proceed as desired, the -OH substituents present In the intemiediates of 
fomiulas V and VI used in step (c) must be protected prior to cyclciation, 
hence the treatment in step (c) with a hydroxy-protecung group. A key 
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feature of this process is the surprising stability of the silyl protecting 
groups on the carbinol and phenol moieties in both step (c) and step (d). 
In step (c), after the reaction of intemiediates V and VI, the reaction is 
quenched with acid, preferably acetic acid and aqueous tartaric acid: the 
resulting solution has a pH <1. Under these conditions, one would not 
predict that the disilylated compound of fomiula VII (containing a silylated 
phenolic group) would be stable, but surprisingly the compound is stable 
and can be isolated for use in the next step of the process. Also, in step (d) 
of the process of the invention, out of the three silylated groups (i.e.. the 
two hydroxy groups silylated in step (c) and the -NH- group silylated in the 
first part of step (d)), the -N-SI- group is selectively desilylated. allowing the 
intramolecular cydization to proceed efficiently. This was unpredictable, 
especially in view of the presence of a silylated phenol group. 

The following example illustrates the process of this invention, 
stgp (a); 




Equip a 3-necked 500 mL round bottom flask with a thennometer, 
an addition funnel and a nitrogen inlet. Add p-fluoro-benzoylbutyric acid 
(20 g. 95.15 mmol). CH2CI2 (100 mL) and TEA (23 mL. 165 mmol) and 
agitate the mixture at room temperature for 5 min. Add trimethylacetyl 
chloride (1 1 .3 mL. 91 .75 mmol) slowly over a period of 30 min. Check for 
complete formation of mixed anhydride by NMR. 

Add the compound of formula III (10 g. 61.3 mmol), DMAP (1.6 g. 13 
mmol) and dry DMF (10 mL) and heat the mixture at reflux for about 7 h or 
until the reaction is complete (<3% compound III) by NMR. Coofto room 
temperature, transfer the batch to a flask containing 2N H2SO4 (80 mL) 
slowly with agitation and continue agitation for about 30 min. Separate the 
layers and wash the organic layer with 5% NaHCOa (80 mL). 
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Concentrate the organic layer and crystallize the product from 
isopropyl alcohol (100 mL). filter and dry. Yield: 20 g (92% molar); 
mp: 92-94"C. 



Stsoi^ 



10 



15 



20 



p 




IV ^^c^F BH3'S(CH3>2 

CH2CI2 

EouiD a 3-necked 250 mL round bottom flask with a thermometer, 
an addition funnel and a nitrogen inlet. Add dry CH2CI2 (20 mL) and neat 
borane dimethyl sulfide (2.82 mL. 28.2 mmol) and cool the mixture to -5' tp 
O'C Add a previously prepared toluene solution of (RHetrahydro-1- 
methyl-3.3-dipheny|.1H.3H-pyrrolo(1,2-c)(1.3.2) oxaza-boroHd.ne (14 mL. 
1 4 mmol. 5 mole %) to the mixture and stir for 15 min. at < OJC. Add a 
solution of compound IV(10 g. 28.1 mmol) in CH2CI2 (30 mL) slowly over a 
period of 3-4 h and maintain the reaction temperature between -5» to Q-C. 
Continue stirring for 1 to 2 h or until tiie reaction ^^-^f _ 
compound IV) by NMR. Quench the reaction by slowly adding CH3OH 
(4 mL) while maintaining the temperature <0-C. Add 5% hydrogen 
peJ^x de (20 mL) followed by 4N H2SO4 (1-5 mL). Agitate the mixture for 
15 min separate the cyanic layer and wash with 2N (20 mL). 5-^ 

Na2S03 (50 mL) and 10% NaCI (50 mL). Concentrate the organic layerto 
a low volume until water content is <0.05%. The product is used direcUy .n 
the next step. Solution yield: >95%; de: 98%. 
SteoiQ}! ^>y.F 

OH O O HN^'^'''^ 



vu 



25 



Equip a 3-necked 500 mL round bottom flask with a themnometer. 
an addition funnel and a nitrogen inlet Add the CH2CI2 solution of 

compound V (10 g equivalent of compound IV. 28.1 mmol ) from step (b) 
and compound VI (12.05 g) and adjust the total volume of the reaction 
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mixture to 150 mL with dry CH2CI2. Cool the mixture to -IC'C and add 
slowly DIPEA (25.7 mL, 147.5 mmol) and maintain the temperature at < - 
5X. Add TMSCI (13.5 mL, 92.3 mmol) over a period of 30 min, while 
maintaining the reaction temperature <-5*'C. Agitate the reaction for 1 h or 
5 until the silylation is judged complete by NMR. Lower the reaction 

temperature to -25 to -SO^^C. Add TiCU (3.4 mL. 30.8 mmol) slowly and 

maintain the temperature <-25**C. Agitate the reaction for 3 h at <-25**C 
and check the reaction completion by NMR. Add glacial acetic acid (8 mL) 
slowly to the reaction mixture while maintaining the reaction temperature 

10 between -25 and -SO^'C. Pour the reaction mixture into 7% aqueous tartaric 
acid solution (140 mL) at OX, agitate for 1-2 h, and allow the temperature 
to gradually rise to room temperature. Add 20% aqueous NaHSOa solution 
(50 mL) and continue agitation for another 2 h. Separate the organic layer 
and wash with water (120 mL). Concentrate the organic layer to a low 

15 volume and add bistrimetliylsilyl acetamide (8.4 mL) and heat the mixture 
to reflux for 30 min. Concentrate the mixture to remove CH2CI2 and 
crystallize the product from an ethyl acetate and heptane mixture, filter, 
wash and dry to give 13 g (65% molar yield from compound IV) of 
compound VII. 

20 Step (d): 




OTMS 



Equip a 3-necked 500 mL round bottom flask with a thermometer, 
an addition funnel and a nitrogen inlet. Add compound VII (50 g, 69.7 
mmol), tetrabutylammonlum fluoride trihydrate (0.1 g, 0.32 mmol), 
25 bistrimethyl acetamide (30 mL) and t-butyimethyl ether (500 mL). Stir the 
mixture at room temperature for 2 h or until the reaction is judged complete 
by NMR. Add glacial acetic acid (2.5 mL) and concentrate the reaction 
mixture to an oil under vacuum. 
SIsBie): 



/ 
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Add a premixed solution of isopropyl alcohol (250 mL) and 2N 
H2SO4 (25 mL) to the product of step (d) and agitate the mixture at room 
temperature for 1 h. Crystallize compound I from aqueous isopropyl 
alcohol Filter the product and wash with dilute aqueous isopropyl alcohol 
5 followed by water until the pH of wash is <5. Dry the product at 60'C in a 
draft oven or under vacuum to give 26.14 g (91 .5% molar yield) of 

compound I. , „ • 

Starting materials for the claimed process are made by the following 

typical procedures. 
10 Preparation p f 4-M-fluoroben70vnhutvric qcid: 

x^o * 6 — 

Charge 250 g of anhydrous AICI3 (1 .87 moles) to a 2 L 3-neck 
round bottom flask, add 300 mL fluorobenzene (307.5 g: 3.2 moles) and 
cool the mixture in an ice bath to 5-0. Add a hazy suspension of 100 g 
1 5 glutaric anhydride (0.86 mole) in 400 mL fluorobenzene (4.3 moles) 
through an addition funnel over a period of 45 min.. and maintain the 
temperature below 12°C. Warm the reaction mixture to ambient 
temperature gradually and agitate at r.t. for about 90 min.; check for 
completion by NMR. Cool the reaction mixture to 0 to 5°C, then add a 
20 cold aqueous solution (700 mL) of 1 N HCI carefully to the mixture to 
destroy any unreacted AICI3. keeping the temperature of the mixture 
. below 20»C during the earty part of the acid addition, and below 40X for 
the rest of the time. Pour the entire mixture into a 2 L 1 :1 mixture of water 
and ice (v/w) to precipitate out crude products, filter the white suspension 
25 and wash well with water. Add the white residue to 3 L of aqueous 

saturated solution (-5%) of NaHCOa. heat the basic mixture on a steam 
bath for one hour and filter the batch while hot through a thin pad of celite. 
Cool the filtrate to r.t. add about 320 mL of concentrated HCI dropwise 
Into the filtrate to pH 1 to crystallize out products, and agitate the white 
30 suspension in an ice bath for 30 min. Filter the batch, wash the wet cake 
with ice cold water and dry in a vacuum oven at 50«C for 1 6 h to obtain 
143.2g of 4-(4-fluorobenzoyl)-butyricacid; m.p. 141 to 142»C. isolated 

yield: 79.3% . 
Preparatio n of I mine: 
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OH 



NH2 



CHO 



+ 



HO^ 



0 



N 



F 



F 



Equip a three necked 1L flask with a mechanical stirrer, 
thermometer and an addition funnel. Add 480 mL of isopropanol, 144 g 
(1.18 moles) of p-hydroxybenzaldehyde (endothermic) and agitate the 

5 mixture while heating to a temperature of 50°C. Agitate the mixture at 
SO'C for 15 min (making sure all the material is in solution), then add 114 
mL (1.2 moles) of p-fluoroanlline slowly via the addition funnel (exothennic 
reaction). After the addition is complete, agitate the thick slunry for Ihr at 
50°C, cool to r.t. and agitate for 30 min. Filter the product, wash the cake 

1 0 with 1 50 mL of isopropanol, dry the wet cake in a draft oven at SO^C for 24 
h or until dry to yield 222 g of the imine (88%); mp: 180-182"'C 



wo 00/34240 



- 13- 



PCTAJS99/27914 



10 



We claim: 

A p^cess for preparing a compound represented by the fonnula 



1. 

OH 



15 




°*""''Tweacting p-fluorobenzoytbutyric acid of fonT,ula 11 with pivaloyl 
ohloridl LCa^ng the product wHh a ohira. au*,v of fon.u.a n, to 
obtain a ketone of formula IV: 

■o^". /«>^ .o^P 

F II 

Kun aikvIV Y is =0 or =S; and is Ci-Ce 
alkyl. phenyl. P y substiluents on phenyl and naphthyl 

pheny, and^be^^; ^ ^^^^^ ^ ^^^^ ,^ ^^^^ , 
catalyst to an alcohol of fonmula V: 




20 



(c) reacting the chlral alcohol of formula V. an .mine of fom^ula VI 
Prot is a silyl protecting group: 
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O(Prot) 



F 



10 



15 



(d) cyclizing the p-(substituted-amlno)amide of formula VII with 

(i) a silylating agent and a fluoride ion catalyst cyclizing agent; 

(ii) a silylating agent and a quaternary ammonium salt of a chiral auxiliary 
of formula III; or 

(lit) a strong non-nucleophlic base; 
to obtain the compound of formula Vlll: 



(e) removing the silyl protecting groups. 

2. The process of claim 1 wherein in step (a), the chiral auxiliary is 
(4S)-4-phenyl-2-oxazolidinone; in step (b) the chiral catalyst is (R)- 
tetrahydro-1-methyl-3.3-diphenyl-1 H,3H-pyrrolo(1 ,2-c)(1 ,3,2) oxaza- 
borolidine; in step (c) the silyl protecting agent is chlorotrimethylsilane, the 
Lewis acid is TiCl4 and the tertiary amine is diisopropylethylamine; and in 
step (d) the silylating agent is bistrimethylsilyl acetamlde and the fluoride 
ion catalyst cyclizing agent is tetrabutylammonium fluoride trihydrate. 

3. A process for preparing a compound represented by the formula 



comprising: 

reacting a chiral alcohol of formula V, an imine of formula VI and a 
silyl protecting agent, then condensing the silyl-protected compounds to 
obtain a p-(substituted-amino)amide of formula VII, wherein X is -0-, -S- or 




; and 
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wherein Prot is a siiyi protecBng group: ^ 



10 



15 





V' (Prot)0"* 

VII "v^F 




cydizing the Hsubslltuted-amino)amide of formula VII with a 
si.y.a«Xe„t and a fluoride ion catalyst oyc.-^ng agent to obta.n «,e 
compound of formula VIII: ^^ocProt) 

O(Prot) 




; and 

removing the silyl protecting groups. 
A A orocess of claim 3 wherein the the silyl protecting agent is 

acetamide and the fluoride ion catalyst cydizing agent .s 
tetrabutylammonium fluoride trihydrate. 

5. A process for preparing a compound represented by the formula 




20 



comprising 



cydizing a pKsubstituted-amlno)amlde of fomiula VII. 
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IS 




Y 
XN 

R> ^^^0(Prot) 
(Prot)0" 

VII 



Wherein X is -0-. -S- or -N(Ci-C6 alkyl); Y is =0 or =S; and R1 is C-Ce 
alkyl. phenyl, naphthyl. substituted phenyl, substituted naphthyl. Ci-Ce 
alkoxycarbonyi or benzyl, wherein the substituents on phenyl and naphthyl 
are 1-3 substituents selected from the group consisting of Ci-Ce alkyl. 
phenyl and benzyl; and wherein Prot is a silyl protecting group, with a 
silylating agent and a fluoride ion catalyst cydizing agent to obtain the 
compound of fonnula VIII: 

O(Prot) ^^^^ 




; and 

10 (e) removing the silyl protecting groups. 

6. A process of claim 5 wherein the silylating agent is bistrimethylsilyl 
acetamide and the fluoride ion catalyst cydizing agent is 
tetrabutylammoniu m fluoride trihydrate. 



A process for preparing a p.(substituted-amino)amide of the fomiula 




(Protp 



F 



Wherein X is -0-. -S- or -N(Ci-C6 alkyl); Y is =0 or =S; and is Ci-Ce 
alkyl. phenyl, naphthyl. substituted phenyl, substituted naphthyl. Ci-Ce 
20 alkoxycarbonyi or benzyl, wherein the substituents on phenyl and naphthyl 
are 1-3 substituents selected from the group consisting of Ci-Ce alkyl, 
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5 



10 



phenyl and benzyl; and wherein Prot is a silyl protecting group, comprising 
reacting a chiral alcohol of formula V. 




an imine of formula VI 



15 




OH 




II 

N 



and a silyl protecting agent, then condensing the silyl-protected 
compounds to obtain the p.(substituted-amino)amide. 

8 The process of claim 7 wherein the silyl protecting agent is 
chlorotrimethylsilane and the condensation is effected with a Lewis acd .n 
the presence of a tertiary amine. 

9. A process for preparing a compoundof the formula 

0(Prot) 




Wherein Prot is a silyl protecting group, comprising cyclizing a p- 
(substituted-amino)amide of the fomiula 




O0»rot) 
F 



20 



wherein X is -O-.^- or .N(Ci-C6alkyl); Y is=Oor =S; and R< -s C, Ce 
alkyl. phenyl, naphthyl. substituted phenyl, subsftuted "aP*^*^^' ^^"^^ . 
alkoxycarbonyl or benzyl, wherein the substituents on phenyl and naphthyl 
arf ^^sSuents selected from the group consisting of d-Ce alkyl. 



WO 00734240 



PCT/US99/27914 



-18- 



phenyl and benzyl; and wherein Prot is as defined above, with a silylating 
agent and a fluoride ion catalyst cyclizing agent. 

10. A process of claim 9 wherein the silylating agent is bistrimethylsilyl 
5 acetamide and the fluoride ion catalyst cyclizing agent is 

tetrabutylammonium fluoride trihydrate. 

11. A compound of the formula 



(ProtX) 



10 wherein Prot is a silyl protecting group. 




O(Prot) 



12. A compound of the formula 

0(Prot) ^0(Prot) 



wherein Prot is a silyl protecting group. 



f 
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